In this study we investigated the effect of environmental enrichment and handling on the acute physiological stress response caused by short periods of restraint in individually housed female mice. Heart rate (HR) and body temperature (BT) were measured by radiotelemetry and compared with plasma corticosterone (pCORT) levels. Also, postmortem thymus weight and tyrosine hydroxylase (TH) activity were assessed. The acute stress response was seen in both HR and BT. Enrichment and handling were found to increase rather than decrease this stress response, but pCORT values, measured 90 min after restraint, suggested a lower stress response in the enriched groups. No effect was found with thymus weight or TH as parameters.
In laboratory animals, routine procedures such as handling, restraint, injections or blood sampling are known to cause an acute stress response, which can be assessed by measuring different parameters such as stress hormones (Gä rtner et al. 1980 , Tuli et al. 1995a , heart rate (HR), body temperature (BT), mean arterial blood pressure (MAP) (Clement et al. 1989 , Kramer et al. 1993 , Duke et al. 2001 , Harkin et al. 2002 or behaviour (Izumi et al. 1997) . Acute and temporary changes of these parameters are considered to be part of the animals' normal adaptive response and are as such an accurate coping strategy for maintaining homeostasis. Nevertheless, even responses within the normal adaptive range are likely to influence experimental results and have to be considered when designing experiments.
How much impact a routine procedure will have on the acute stress response of an animal will depend not only on the nature of the procedure but also on a variety of other factors such as genetic background (Van Bogaert et al. 2006) , previous experience or environmental conditions (Brown & Grunberg 1995 , Dahlborn et al. 1996 , Einstein et al. 2000 , D'Arbe et al. 2002 . In both male and female rats, cage size and group size have been found to influence the acute response of HR and MAP after a single routine procedure (Sharp et al. 2002 (Sharp et al. , 2003a . In a previous study with mice, we found that individual housing under 'minimal' husbandry conditions (no cage enrichment and minor handling) resulted in a relative slower recovery of HR and BT after intraperitoneal (i.p.) injections and restraint compared with socially housed mice provided with enrichment in the cage and daily handling (Meijer et al. 2006a ). However, for experimental reasons, the different environmental factors (social partners, enrichment and handling) had been integrated and, taken together, considered as one overall variable. In the current follow-up study, we focused on the effects of cage enrichment and (habituation to) handling regime as separate variables in individually housed female mice after short periods of restraint. As in the previous study, the mice were initially socially housed, followed by individual housing. Although individual housing is in general not a standard housing condition in female mice, it is well accepted when social interaction has to be avoided (e.g. after surgery, instrumentation or in metabolic studies) or when, during an experiment, cagemates are removed or have died. Environmental enrichment such as nesting material or shelters gives mice the opportunity to perform species-specific behaviour like nest building and hiding, resulting in an increased controllability of the environment which reduces stress (Wiepkema & Koolhaas 1993) . Therefore, environmental enrichment is generally considered as contributing towards the animals' welfare. The effect of habituation to handling is less clear in mice, but with the increasing use of individually ventilated cage systems -requiring less frequent cage cleaning and thus less routine handling -it is a factor to take into account. Dewsbury (1992) has reviewed a number of studies investigating the effect of handling and gentling on rats, and although the results were not always consistent, he concludes that 'contact with humans can be either rewarding or punishing for a rodent depending on its past experience and the kind of stimulation used'. Hirsjärvi et al. have demonstrated that gentling could be an effective way of reducing the fear of human contact in rats (Hirsjärvi et al. 1990 , Hirsjärvi & Vä liaho 1995a . However, more recently, the effects of routine handling on both rats and mice were reviewed (Balcombe et al. 2004 ) and the results indicated that mice did not readily habituate to routine handling (Clement et al. 1989 , Kramer et al. 2004 . Therefore, the possibility that mice could perceive repeated handling and gentling as a repeated mild stressor should also be considered.
To measure the acute stress response, HR and BT were assessed by means of radiotelemetry and compared with plasma corticosterone (pCORT) levels. Possible long-term effects of husbandry conditions and/or the procedures were examined postmortem by measuring thymus weight and tyrosine hydroxylase (TH) activity. Thymus weight is known to decrease under the influence of stress, caused by increased apoptosis of thymus cells, whereas TH activity is known to rise under these conditions, reflecting an increased activity of the hypothalamic-pituitary-adrenal (HPA) axis (Manser 1992) .
Materials and methods
Eighty-four female mice of the C57BL6/Jico inbred strain (Charles River, Maastricht, The Netherlands) arrived at the facility at the age of three weeks. The C57BL/6 strain is commonly used, e.g. very often as the background strain for transgenic mouse models. The mice were housed in a conventional animal room (temperature 18-241C) with a 12/12 h light/dark cycle (lights on: 07:00 h, light intensity at shelf level about 100 lux, during lights off: 2 lux). A radio was on during the light phase. The animals were provided with food pellets (CRM-E, SDS, Witham Essex, UK) and tap water ad libitum.
All procedures were approved by the Animal Ethics Committee of the Faculty of Veterinary Medicine of Utrecht University.
Husbandry conditions
On the day of arrival, the mice were randomly assigned over 28 cages (elongated Makrolon s type II (floor area 530 cm 2 ) with wire tops; Tecniplast, Milan, Italy), housing three animals of the same strain per cage. Two of these three mice were marked by clipping either the left or right ear; they served as cagemates and were not subjected to any experimental procedures. The mice were divided into four experimental groups: Minimal-Non-Handling (M-NH), Minimal-Handling (M-H), Enriched-Non-Handling (E-NH) and Enriched-Handling (E-H). Cages were randomly placed on the shelves. The animals of the minimal groups (M-NH and M-H) were housed on aspen chips bedding (ABEDD s , Kö flach, Austria) without cage enrichment. Under enriched conditions (E-NH and E-H groups), the cages were provided with aspen chips bedding and additionally with cage enrichment, consisting of a Shepherd Shack (paper-based mini-mouse house, 15 Â 9 Â 6 cm; Shepherd Specialty Papers, Kalamazoo, MI, USA), two Kleenex s tissues (Kimberly Clark, Ede, The Netherlands), $15 g of EnviroDry s (folded paper strips, BMI, Helmond, The Netherlands), an opaque grey PVC tube (15 cm long, 5 cm wide) and two chew sticks (aspen wood, 1 Â 1 Â 5 cm, Finn Tapvei, Finland). The mice of the non-handling groups (M-NH and E-NH) were handled only when necessary (e.g. during cage cleaning), whereas those of the handling groups (M-H and E-H) were handled and gentled each weekday for 30-60 s (as suggested by Hirsjärvi and Väliaho 1995b) , at variable time points and in randomized order, but always by the same person (author RS). The procedure consisted of lifting the mice out of their cage by the base of the tail and placing them on the arm, which the experimenter kept close to his body. If the mouse did allow, it was softly stroked over the head and back. The mouse was allowed to move around over the arm, but its tail base was held at all times.
In week 10 of the experiment (see Table 1 for a time path), after implantation of the radiotelemetry transmitters (see below), the experimental mice (one per cage, randomly chosen at the beginning of the experiment) were individually housed. Enrichment and handling regime for the different groups remained the same as described above. From this point, the cagemates were excluded from the experiment.
Transmitter implantation and postoperative care
Eight weeks after the start of the experiment (see Table 1 ), at the age of 11 weeks (mean body weight M-NH: 21.470.4 g; M-H: 2270.2 g; E-NH: 2270.3 g; E-H: 22.770.5 g, see Figure 1 ), the 28 experimental mice (one mouse per cage) were implanted with radiotelemetry transmitters (TA10ETA-F20, DataSciences International, St Paul, MN, USA). In week 9, five days after transmitter implantation, one mouse died of colitis. The next day another mouse, housed and raised following the same protocol as the deceased mouse, was successfully operated upon.
About 20 min before surgery, the mice received a subcutaneous (s.c.) injection with an antibiotic (enrofloxacin, 0.03 mg/kg in a 1:1 dilution with sterile saline; BAYRIL 2.5%, Bayer BV, Mijdrecht, The Netherlands). The mice were anaesthetized using isoflurane (ISOFLO, Schering-Plough, Maarssen, The Netherlands), N 2 O and O 2 (induction: isoflurane 5%, N 2 O:O 2 1:1, 2 L; maintenance: isoflurane 1.4-1.6%, N 2 O:O 2 1:1, 0.5-0.8 L) and the eyes were protected from the airflow with eye ointment (Ophtosan vitamin A ointment, AST Farma BV, Oudewater, The Netherlands). The implantation procedure, which has been described in detail elsewhere (Kramer et al. 1993) , was slightly modified. In short, the abdomen was opened and the transmitter was placed in the peritoneal cavity with the leads placed subcutaneously at the right shoulder (negative lead) and the left lower chest (positive lead). The transmitter was sutured to the muscle layer (with nonabsorbable Perma-hand Silk s 5-0; Johnson & Johnson International, Brussels, Belgium) Laboratory Animals (2007) 41 Animal Health, Capelle aan den IJssel, The Netherlands; 50 mg/mL diluted 100 Â with sterile saline thus providing additional fluid at the same time), and Baytril was administered once daily for four days after surgery in order to prevent infections. The mice were allowed two weeks to recover before they were individually housed in week 10. Throughout the experiment, HR and BT data were collected every 3 min, 24 h a day. Transmitter signals were sent to a PC and saved onto a disk. Data acquisition was performed using DataQuest ART (DSI, St Paul, MN, USA).
Routine experimental procedures
On Mondays, cages were cleaned and the animals were also weighed. In week 11, on Wednesday (14 mice) and Thursday (14 mice) starting at 10:30 h, blood samples were collected for basal pCORT assessment (method described below). Experimental restraint procedures were performed in weeks 12-14, on Wednesdays (10 mice), Thursdays (10 mice) and Fridays (8 mice), once per week for each mouse, adding up to a total of three times per mouse. It was chosen to perform the procedures during the light period, as this is common practice in the majority of animal facilities. The experimental procedures in weeks 12-14 started at 09:00 h. The restraint procedure consisted of lifting the mouse by the tail base and placing it on the cage lid. It was then restrained by holding the scruff and the base of the tail. The head was tilted downwards and the abdomen was gently palpated. The whole procedure took about 10 s. Afterwards, the mouse was returned to its home cage and HR and BT data were collected. The experimenter then left the animal room, not to return until 10:30 h.
At 10:30 h, blood was collected by means of a tail incision, a method that is fast, that does not require the mouse to be restrained more than being held by the base of the tail and that does not cause severe stress or lasting harm (Dü rschlag et al. 1996) . Thereto, the mouse was taken from its cage again and placed on the lid of another empty cage, its head and body covered with a tissue. With an extra sharp razor blade (GEM s Scientific, American Safety Razor Co, Staunton, VA, USA), a perpendicular incision was made at the ventral side of the tail, initially about 1.5 cm away from the base, the subsequent times more proximal. Drops of blood were collected in a Microvette s CB 100/200 capillary collection tube coated with ethylenediaminetetraacetate (EDTA) (Sarstedt, Nü mbrecht, Germany) until a volume of about 150 mL. When finished, a gauze was placed on the incision and gentle pressure was applied for a moment before the mouse was returned to the home cage. The blood samples were centrifuged at 13,000 rpm for 15 min at a temperature of 41C. Plasma was stored at -201C. pCORT levels were measured using a solid-phase 125 I radioimmunoassay (CAC s Rat Corticosterone TKRC1, Diagnostic Products Corporation, Los Angeles, CA, USA).
Restraint procedures took place in the room where the animals were housed, and blood sampling took place in a room adjacent to the animal room. All procedures were performed by the same experimenter who also handled and gentled the handling groups on a daily basis. Baseline levels of HR and BT were assessed during the 15-20 min period before the procedures started, after the experimenter had entered the animal room. HR and BT were also assessed on Sundays (weeks 10-14) from 11:00 to 12:00 h and from 23:00 to 24:00 h to compare baseline levels when no one was present in the room.
Euthanasia and postmortem
In week 15 of the experiment, between 09:00 and 12:00 h, the mice were euthanized by decapitation and dissected for postmortem examination and analysis. The procedures were performed in the room adjacent to the animal room.
Thymuses were dissected and weighed. Adrenals were dissected, individually stored in 5 mM Tris-HCl-buffer (pH 7.2), shockfrozen in liquid nitrogen and stored at À701C for further analysis. In the adrenals, TH activity was measured using a tyrosine-14 Cassay. In short, the adrenals were thawed, homogenized and incubated with tyrosine-14 C. TH then synthesized the tyrosine into dopa, which, in turn, was converted into dopamine. The remaining tyrosine-14 C was then separated from the dopamine-14 C by elution over a column with aluminium-oxide and counted in a liquid scintillation counter. The converted tyrosine is a measure of the TH activity and is expressed in nmol/L/h/adrenal (modification of the method described by Witte and Matthaei 1980) .
Statistics
Body weight was tested for weeks 3-8 (before transmitter implantation; week 2 was omitted because of a maximum number of 6 weeks for statistical analysis) and weeks 10-15 (after transmitter implantation) with a general linear model for repeated measures, with time as within-subject factor and Laboratory Animals (2007) 41 enrichment (M or E) and handling regime (H or NH) as between-subject factors.
HR and BT levels were compared at 0-9, 18-27, 36-45 and 54-63 min after the restraint procedure. Each analysed time point was the mean of three data acquisitions. This method was chosen in order to avoid missing values (which can occur when a mouse is very active and the position of the transmitter is out of range of the receiver). To correct for baseline differences, baseline values were subtracted from the subsequent post-procedure measurements. Statistical analysis was performed on the resulting data. However, as visual comparison of baseline and post-procedure values provides relevant information and better insight, the actual (mean) values are presented in the graphs, with the inserted supplementary graphs showing the corrected values. Analysis was performed using a general linear model for repeated measures, with time as within-subject factor and enrichment and handling regime as between-subject factors. Baseline values are evaluated by descriptive statistics.
Baseline pCORT values, thymus weight and TH concentration were analysed by univariate analysis of variance with enrichment and handling regime as fixed between-subject factors. pCORT values of blood collected 90 min after the restraint procedures were tested with a general linear model for repeated measures, with pCORT values of weeks 12-14 as within-subject factor and enrichment and handling regime as between-subject factors.
All analyses were performed using SPSS for Windows, release 10.1.0. Differences were considered statistically significant when Po0.05. Data are expressed as mean values7SEM.
Results

Body weight
In the weeks before transmitter implantation, body weight was higher in the enrichment groups compared with the minimal groups (overall effect of enrich-ment: P ¼ 0.009), but was clearly the highest in the E-H group (enrichment/handling effect: P ¼ 0.014). During the first four days after surgery, all animals lost weight. Body weight gain was back to pre-surgery levels around two weeks after surgery (corrected for the weight of the transmitter; Figure 1 ). During weeks 10-15, no overall effects of enrichment or handling were found. However, there was a time/handling effect (P ¼ 0.015) as well as a three-way interaction of time/enrichment/handling (Po0.001), pointing at a different rate of body weight gain within the four groups.
HR and BT after restraint
Mean baseline HR levels during the morning period (11:00-12:00 h, Figure 2A ) on Sundays (with no one present in the animal room) showed higher levels for the minimal groups (around 600 bpm) compared with the enrichment groups (500-550 bpm). This is consistent with baseline levels before the procedures (with the experimenter present in the animal room; Figure 3 ). BT was usually somewhat lower on Sunday mornings compared with the baseline level before the procedures (compare Figures 2B and 4 , baseline values about equal for the four groups). Mean baseline levels of HR and BT during the evening showed no differences between the groups (data not shown).
In general, the HR and BT of the mice increased during the first 10 (HR) to 20 (BT) min after a procedure and recovered to baseline levels during the following hour (Figures 3 and 4) . As statistical analysis revealed that the results of the separate weeks were equal, the results of weeks 12-14 were pooled and analysed as such.
HR showed an overall effect of enrichment (P ¼ 0.05; Figure 3) , which was mainly caused by the difference in baseline for which the post-procedure data were corrected. No interaction with time was found, suggesting no difference in HR recovery between the groups. In contrast, a strong interaction of time/enrichment was found for BT (Po0.001) as well as a time/ handling effect (P ¼ 0.031; Figure 4 ). Also, BT showed an overall effect of both enrichment (Po0.001) and handling (P ¼ 0.021), the enriched groups showing a higher BT than the minimal groups and non-handling in general resulting in a higher BT than handling. 
Plasma corticosterone, thymus weight and TH activity
No significant differences for baseline pCORT could be detected between the four groups ( Figure 5 ). However, in weeks 12-14, 90 min after the restraint procedures, when pCORT values were returning to baseline, an overall trend was found suggesting a lower pCORT value for the enrichment groups compared with the minimal groups (P ¼ 0.066). Thymus weight and TH activity (Table 2 ) showed no differences between the groups.
Discussion
In this study, we compared the effects of cage enrichment and handling regime on HR and BT in individually housed female mice after short periods of restraint. Individual housing without cage enrichment resulted in increased baseline values of HR during the light period. This was not only the case for the period just before the procedures (Figure 3) but also during the weekend (Figure 2 ). This is in accordance with the elevated basal HR in the individually housed mice in our previous study (Meijer et al. 2006a) , as well as with individually housed male mice provided with or without enrichment in other studies (Einstein et al. 2000 , Späni et al. 2003 . In contrast to the study by Späni et al. (2003) , our results did not show a baseline HR increase in the enriched groups, which might be the result Week 14
Figure 5 Mean (7 SEM) pCORT values of mice measured in blood collected 90 min after restraint by hand (weeks 12-14) . Baseline values were assessed in week 11. Overall effect of enrichment during weeks 12-14: P ¼ 0.066 (trend) of gender or the type of enrichment that was used (only nesting material in the study with male mice by Späni et al. versus both nesting material and shelter with female mice in our study). Unlike the results of our preceding study, current results did not show an increased baseline BT during the light period.
In our previous study, individually housed mice not provided with cage-enrichment and handled only when necessary were found to show a relative slower recovery to baseline HR compared with their socially and enriched housed conspecifics who were frequently handled (Meijer et al. 2006a) . The current study did not reveal any differences between the four groups in recovery time for HR, although baseline correction resulted in an overall higher HR after the restraint procedure for the enriched groups (see inset of Figure 3 ). In another study (Meijer et al. 2006b ), HR was found to show an overall increase in mice subjected to restraint procedures with increasing stressorintensity, and it was concluded that HR was a potentially useful parameter for quantifying the effect of an acute stressor. However, as differences of baseline were neither expected nor existed between the groups, data in that study did not need to be corrected for baseline. Considering the results of the current study, it is possible that the reliability of HR as a parameter of acute stress decreases if baseline differences exist. However, the other option, stress of restraint being perceived more intensely by the enriched groups, should not be excluded. This should also be kept in mind when evaluating BT results. Contrary to HR, the results of BT showed significant effects of enrichment and handling regime over time, the minimal groups reaching a maximum BT at the 0-9 min interval and the enriched groups showing the maximum at 18-27 min.
Because baseline values could be expected to differ between the groups, as in the case of HR, it was decided to correct it even though no significant differences were detected. Similar to the results of HR, but contrary to previous findings (Meijer et al. 2006a,b) , BT showed an overall effect of enrichment, the enriched groups showing an increased BT throughout the recovery period as well as a handling effect, with an overall increased BT in the non-handled groups. Handling also had an effect on recovery time. Previous results of BT had given rise to the conclusion that BT was likely to be a less informative parameter for quantifying an acute stress response (Meijer et al. 2006b ). However, in the current study, the effect of enrichment on BT is clearly visible and highly significant after the restraint procedure. Thus the question that arises is if this increased BT and HR in the enriched groups are actually the result of increased acute stress in these mice compared with the minimal groups. Cage enrichment is generally accepted to be an important factor in improving laboratory animal welfare (Baumans 2005 , Reinhardt 2005 ). However, personal observations during the current experiment gave rise to the idea that the enriched groups were more disturbed than the mice of the minimal groups each time they were handled or restrained. Removing the animals from their shelter and hiding place to carry out experimental procedures might be more disturbing than in the case where no shelter is present. On the other hand, higher HR baseline levels, even on Sunday mornings, in the minimal groups suggest a more chronic stress effect due to lack of enrichment items in the cage. The effects of environmental enrichment might therefore be different in case of acute stress situations compared with more chronic conditions. pCORT values were assessed in blood that was collected 90 min after the restraint procedures. In a previous study, pCORT showed a gradual increase with increasing stressor-intensity of different types of restraint, both shortly after the procedures (10 min) as well as after 90 min, when the values were returning to baseline (Meijer et al. 2006b ). In the current study, pCORT values were lower in the enrichment groups compared with the minimal groups in weeks 12-14 ( Figure 5 ), but a rather high variation of the data within the groups resulted in insufficient power to reach statistical significance. The trend in enrichment-effect is in line with findings of others (c.f. Barnard et al. 1997 , Roy et al. 2001 , Van Loo et al. 2004 ), although it should be noted that all these studies involved male mice and that the effects of inter-male aggression might have influenced the results (Haemisch & Gä rtner 1994) . The fact that our mice were females and individually housed, which for females most likely by themselves influences CORT values (Brown & Grunberg 1995, rats) , might have led to weaker effects.
Thymus weight and TH activity are both known parameters of long-term stress. Under the influence of stress, atrophy of thymus cells (which is a normal physiological process initiated by circulating sex steroids at the onset of sexual maturity) develops more rapidly than usual, resulting in a more pronounced reduction of thymus weight (Dominguez-Gerpe & Rey-Mendez 2003) . In contrast to thymus weight, TH activity levels increase under the influence of stress. TH is an enzyme involved in the synthesis of (nor)adrenaline in the adrenal medulla, reflecting long-term activity of the adrenals, provoked by an increased activity of the HPA axis, which can be the result of chronic stress (Manser 1992) . In our previous study, significant effects of husbandry conditions were found, indicating chronic stress in the minimal groups (Meijer et al. 2006a) . The current study, however, did not reveal any significant differences or trends between the groups (Table 2) . Possibly, the period of individual housing in the previous experiment (8 weeks), which was longer than in the current experiment (5 weeks), may have contributed to a more chronic stress state. Furthermore, individual housing alone has such an impact on the animal that any other condition (i.e. enrichment or handling regime) may not further affect thymus involution or TH activity (cf. impact of individual housing and environmental enrichment on behaviour and brain neurotrophins in mice, Pham et al. 2005 , Zhu et al. 2006 . Although some effects of the different conditions on body weight gain were found (Figure 1) , they do not appear to be clear enough to support this hypothesis.
In conclusion, the current results show that the acute stress of routine experimental procedures can be measured in HR and BT responses, as had been found in the previous studies. However, when comparing the outcome of the different studies, it seems that the effects of acute stress on both parameters are context dependent. Therefore, the parameters might be useful to compare groups within one experiment, but some caution is needed when making comparisons between experiments.
HR and BT results in the current study suggest that environmental enrichment and handling increase rather than reduce the acute stress response in individually housed female mice. As it is generally accepted that environmental enrichment reduces chronic stress, and as pCORT values in the current study seemed to support this theory, more research is needed to further investigate this opposite effect that enrichment may have on the acute stress response. Adding more detailed and objective behavioural observations to the experimental set-up is advisable, as the personal observations in the current study indicated that the behaviour of the mice during the experimental procedures was influenced by their housing conditions.
